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A COMPARISON OF THE FIT OF EMPIRIIAL DATA TO TWO LATENT TRAIT

MODELS

LEAH R. HUTTEN

UNIVERSITY Oc MASSACHUSETTS, AMHERST

LATENT TRAIT THEORY HAS SHOWN GREAT PROIISE FOR SOLVING

A IULTITUOE OF MEASUREMENT PROBLEIS THAT HAVE NOT BEEN HANOLED

ADEQUATELY BY CLASSICAL TEST THEORY. ONE OF THE MOST

IMPORTANT. GAINS TO BE MADE USING LATENT TRAIT THEORY IS IN THE

FIELD OF TEST EQUATING. WITH LATENT TRAIT ABILITY ESTIMATES,

IT IS POSSIBLE TO EQUATE TESTS WHICH ARE NOT PARALLEL, AND

WHIC-I 00 NOT EVEN CONTAIN THE SAME NUMBER OF ITEMS. THE

NATIONAL READING TEST EQUATING STJDY CRETZ A40 BASHAW, 1975)

HELPED SPUR INTEREST BY PRACTITIONERS IN LATENT TRAIT ABILITY

ESTIMATION. THEORETICALLY IT IS NOW POSSIBLE TO CONDUCT

EVALUATIVE STUDIES ON SCIOOL CHILDREN WHO HAVE TAKEN DIFFERENT

AM-EVEMEWT TESTS. A SEOND IMPROVEMENT BROUGHT ABOUT THROUGH

THE JSE OF LATENT TRAIT MODELS OCCURS IN THE FIELD OF TEST

OEVEOPMENT. HERE, IT IS POSSIBLE TO DESIGN TESTS AT

SPECIFIC DIFFICULTY LEVELS, WHICH CAN BE HIGHLY DISCRIMINATING

WITHIN GIVEN ABILITY RANSES. TESTS CAN BE "TAILORED- TO

STUDENTS' INDIVIDUAL NEEDS.

BECAUSE MAJOR IMPROVEMENTS IN MEASUREMENT ARE EXPECTED

USIN3 LATENT TRAIT THEORY, SCHOOL SYSTEM5 AND GOVERNMENT

EDJCATIONAL ORGANIZATIONS AROUND rHE COUNTRY HAVE SHOWN

IN&REASED INTEREST IN USING LATENT TRAIT MOGELS. THIS

INIREASE IN INTEREST IS ALSO ATTRIBUTED TO THE THEGKYOS

INCREASING ACCEPTANCE BY THE MEASJREMENT COMMUNiTY ITSELF, AND

FINALLY, ro TECHNOLOGICAL AOVANCE3 IN BOTH LATENT TRAIT

PARAMETER ESTIMATION ANC COMPUTER METHODS. ALTHOUGH WE ARE

JRRENTLY JITNESSING THE uSE F LTE;i7 TR0IT MOOPS IN A



VARIETY OF APPLIED SETTINGS (SEE, FOR EXAMPLE, HAMBLETON

ETOAL., t979; RENTZ AND RENTZ, 1978). MANY 3ASI- RESEARCH

QUESTIONS CONCERNING LATENT TRAIT THEORY HAVE NOT YET eEEN

SATISFACTORILY ANSWERED. THE RESEARCH REPORTED IN THIS STUDY

WAS )ESIGNED TO PROVIDE NEEDED INFORMATION FOR EFFECTIVE

AP3LICATION 3F LATENT TRAIT MOOELS BY PRACTITIONERS.

PURPOSE

THE PRIMARY QUESTION ADDRESSED IN THIS STUDY WAS HOW WELL

DO E4PIRIOAL.DATA FIT THE ONE AND THREE-PARAMETER LOGISTIC

LATE4T TRAIT MODELS,THE MODELS OF MOST CJRRENT INTERESI IN TIE

MEASJREMENT ;OMMUNITY. ALTHOUGH THERE ARE MANY CLAIMS THAT

BOTH ACHIEVEMENT AND APTITUDE DATA FIT RASCH (ONE-PARAMETER)

MO)ELS, AND EQUALLY STRONG CLAIMS CONCERNING FIT OF DATA TO

THE rHREE-PARAMETER LOGISTIC MODEL, LITTLE RESEAR:H HAS

AD3RESSED THE QUESTION OF COMPARA3LE MODEL FIT. THREE

QUESTIONS SEEM ESPECIALLY IMPORTANT:

i.SHOULD THE PRACTITIONE . SE-ECT THE RASCH MODEL WITH ONE

TYDE OF DATA, ANO THE BIRNBAUM (THREE-PARAMETER) 4OEL FOR

OTHER KINDS OF CATA?

2.IS THERE IMPROVEMENT IN MODEL-DATA FIT FOUND BY USING

THE THREE-PARAMETER HODEL, RATHER THAN TIE RASCH 4ODEL?

3.HOW :AN PRACTITIONERS DETERMINE WHICH TEST MODEL (THE

ONE 3R THREE-PARAMETER MODEL? BEST SUIT THEIR DATA?

ANSWERS TO THE ABOVE QUESTIONS HAVE BEEN SOUGHT

PRIMARILY THROUGH SIMULATION TUOIES. TIERE IS INSUFFICIENT

EVIDENCE FAVORING ONE OR THE OTHER LATENT TRAIT MODELS FROM

RESEARCH USING EMPIRICAL DATA. WHAT FOLLOWS ARE SOME RESULTS



THAT HAVE BEEN CCCUMULATEb CONCERNING MOJEL FIT. HAMBLETON

AN) TRAU3 (1973) COMPARE) THE ONE AND TW3-PARAMETER LOGISTIC

MOELS WITH VERBAL AND MATH APTITUDE DATA USING HEURISTI^

ESTIIATES OF LATENT TRAIl ITEM PARAMEr-Rs. I1PROVEMEN(T IN

FIT, OEF14EO BY A CHI SOJARE TEST BASED ON 03SERVED AND

EXPE.TED RAW SCORE FREQUENCIES, WAS FOUNa FOR THE

TWO-PARA4ETER MODEL. A RECENT STJOY BY <3CH AND RECKASE

(13f3) EXPL.ORED THE FIT OF THE ONE AND THRFEE-PARAMETER

* TISTIC MODELS FOR APTITUDE AND ACHIEVEIENT TEST DATA USING A

M-AN SQUARE )EVIATION STATISTIC. iN THIS STUJY, THE

THREE-PARAMETER MODEL CONSISTENTLY FIT DATA. 3ETTER THAN THE

ONE-PARAMETER MODEL. UNFORTUNATELY, THE SAMPLING DISTRIBUTI)N

FOR THE MEAN SQUARE DEVIATION STATISTIC IS UNKNOWN, AND THUS

THE RESULTS OF THIS STUDY HAVE QUESTIONABLE VALIDITY. RENTZ

AN) IENTZ (1978) COMPARED THE FIT OF APTITUDE, ACHIEVEME4T,

AN) CRITERION REFERENCED TEST DATA TO TH- RASCH MODEL, USING

THE 4RIGHT AND PANCHAPAKESAN (1969) FIT STATISTIC. IT WAS

REDORTED THAT THE RASCH 4OCEL ADE2UATELY REPRESENTED THESE

THREE DIVERSE KINDS OF DATA. A COMPARISON OF THE ONE, THO,

AN) THREE-PARAMETER MODELS WAS CONDUCTED BY HAMBLETON AND COOK

(1973) UTILIZING SIMULATED GATA. THIS T-CHNIIUE ALLOWED THE

RESEARCHERS TO COMPARE ESTIMATED -ARAMETERS TO THE TRUE VALUES

FROM WHICH THE DATA WERE GENERATED. THESE KESEARCHERS FOUND A

SI3NIFICANT IMPROVEMENT BY EMPLOYING TIE THREE-PARANETER

L)OISTIC MODEL, ESPECIALLY WITH S-OFT TESTS.

THE RESJLTS FROM THIS STUDY PROVIDE AN INDICATION Or THE

ADEQJACY OF LATENT TRAIT THEORY FOR EXPLAINtINS TEST BEHAVIOR.

THE RESULTS INCLUDE EVID-NCE ON WHICH OF THE ONE OR

THREE-PARAmETER LOGISTIC MODELS BEST SUIT VARIOUS TYPES OF

3ATA. HOPEFJLLY, THE INFORMATION PROVIDEC HERE CAN SERVE AS A

GUIDE FOR PRACTITIONERS IN SELECTING LATENT TRAIT MODELS FOR

USE IN TEST ;ONSTRUCTION AND TEST ANALYSIS.



RESEARCH QUESTIONS

ITEM DISCRIMI NATION AND GUESSING

THE RASCH MODEL IS BASED ON THE PRE'1ISES THAT 1TEM

DISCRIMINATION IS EQUAL rGR ALL ITEMS AND THAT GUESSING COE-'-

NOT OCCUR. TNJO QUESTIONS 4RISE IN THIS ;ONNE2TbONt lIHOW CA

04F 3ETERMINE IF THESE A3SUMP71JN30 A ,E cJLLFILLED IN A OAT4

SE-T?, AND 2);AN DATA FIT THE r ASCH .ODEL EVEN NHEN THESE

ASSUIPTIONS A-,E VIOLATECD? _- >3S O:FF:CJU TO AJUME THAT

GUESSING D3ES NOT TA KF PL-CE .Th 'IJLTIPL7E CHOIDE TESTS.3 AN[) YlT

TH1E RASCH MODEL IS C~rnS>3EzEDO kOBJST wiT-I RESPECT TO THIS

ONSrTIGN (kicAO, 1976). A NUA3ER OF PRAZ:PDEUFES Hj VE

B3EEN~ SUGGE37TED TO &iETEEIl~E T'iE EXTENT OP GUESSI'.-NG ON ITEMS.

UNPORTUNATELY, MOST METHOCDS 03$SCURE THE Z-SSzBLLUY THAT

SJUESSING lAY 3E AS t.UCH PERSU0; OR. ABILITY RELATEO AS ITEMI

RELATED (JENSEt1A, 1974). IN THIS CASE, '4EITHER THE RASCH Omk

THE THP.EE-PARAMETER MCCE_. WOULC BE AN ADEQ0UATE 07E3GC IPTlI34 0

TEST BEHAVJIOR. PRACTICA L MET!IOUS KFIE UTILIZED IN THIS STJ3Y

TO EXPLOkzE THE EXTEt-T OF GUESSING!,4' IN A UDATA SET.

TWO ST'_J'NG POSITIONS AFE T.AK:N ONCEPRNIN3 THE FASCH

MODEL ASSUMKPION OF ECUAL iTE1-i IORUjjNAlICN. BIRNBAUM1(

19581 , rOSS35 (19661, ANO ik'MBLET)N AND TR4ua (1973) FOUND

3,ONSI'JEzA3L;E VAkIAI:OjN IN ITEA L.ISGFl M!NA TIC'4 FOR El1PIRIZ. L

DA TA. NEVEK THELESS, IN ')TULIE6~ u* THE 11ASCH MODE'.. , RESULTS

TY'DI;ALLY 3H~r4 THAT TrE '16CEL .3. FAIRLY RC3UST WITH RESPECT TO

VARYING ITEM DOISCP IKN NtTlu;l FOR EXAMPLE, QINE1kO1 AND HAERTEL

(1977) EXPLORFZC SIIIULATFJ DATA :N WHIC-i ;X.SIC4L ITEM

DISCRIMINATION W43 VARIiED up ro .25 VA-,1ANCE. THEY FOUND NO

M1AJOR REDUCTION IN FIT TO THE H,4S:H MO:.EL. ON THE OTHER, HAND,

srUiS:s BY HAMBLETON 4NC COOK (197o) ANDi EY HAMOLETON a.N)

TRAU3 (1976), FLGUNfl THE JPPr2STE RESULTp ESPECIALLY WHEN THE

RANGE OF VAKRI4TION IN ITEM PA, AMETERS o4AS LARGE.



-THE RANGE OF ITEM DISCRIMINATIGN CAN BE JETERMINEO, TO

AN EXTENT, BY EXAMINING CLASSICAL ITEM ISCRIMINATION

PARAM1ETERS. THERE ARE NJ REAL GUIDELINES 4VAILA3LE FOR

DETERMINING AT WHAT POINT THE RANGE OF ITEM DISCRIMINATION

PARAMETERS I TOO GFEAT To FIT ASSUMIPTI3NS OF THE RASCH MODE.

THIS POINT IS ADDRESSED IN THE RESULTS AND CONCLUSIONS OF THIS

STUDY.

UNIDIMENSI3NALITY

THE ASSUMPTION THAT DATA ARE UNIDIMENSIJNAL IS AN

ASSU'IPTION UN.ERLYING NEARLY ALL JF THE POPULAR LATENT TRAIT

MODELS. A SINGLE ABILITY, OF LATENT TRAIT, IS ASSUKED TO

JNJERLY ITEMS IN A TEST. IN PRACrICE, FEi, TEST'S ARE TRULY

UNIDIMENSIONAL USING A FACTOR ANALYTIC METHOD. IT IS

CUSTOMARY TO FIND LESS TAAN 25 % OF A TESTS TOTAL VARIAN3E

ACOJNTE3 FOR BY A FIRST, OR GENERAL, FA;TOR . -IAMBLETON AN)

TRAU3 (1976) FOUND, WITH ARTIFICIAL DATA, THAT VIOLATION OF

THE ASSUMPTION GF UNICIMENSIONALITY LED TO POOR FIT FOR DATA

TO TIE RASC4 MODEL.

A NUMBER OF TESTS FOR UNIOIMENSIONALITY HAVE BEEN

OF-ERREO BY VARIOUS RESEARCHERS. LUMSDE4 11961) REVIEWED FIVE

METHODS FOR ASSESSING UNIDIMENSIONALITY 4ITHIN THE CONTEXT C"

TEST DEVELOPMENT, AND CONCLUDEG THAT FACTOR ANALYSIS IS THE

MOST PROMISING METHOD. LATENT TRAIT RES-ARCHERS HAVE USED

PRIN;IPAL ;OIPONENT ANALYSIS, MAXIMUM LIKELIHOOD FACTOR

ANALYSIS, AND PRINCIPAL AXIS COMMON FACTOR ANALYSIS TO

DETERMINE JNIDIMENSIONALITY IN THEIR DATA. THERE EXISTS SOME

DISAGREEMENT IN THE LITERATURE CONCERNING THE CORRELATION

MATRIX THAT IS MOST APPFOPRIATE FOR FACTOR ANALYSIS: PHI

CO-FF'ICTENTS OR TETPACHORICS. THE LATTER REPRESENTS A

.EASJRE OF RELATIONSHIP BETWEEN T40 ASSUMED LATENT VARIABLES

SCOREO DIC-IDTOMOUSLY. NOT ONLY DOES THIS ASSJMPTION AGREE

WITH THE PREMISES OF LATENT TRAIT THEORY, BUT ALSO, USING

TETRACHORIC CORRELATIONS IMPROVES THE CHANCES FOR OETAINING A



FA:TOR ANALYTIC SOLUTION. REGARDLESS CF THE STATISTICAL

TEHNIQUE USED TO DETERMINE UNICIIENSIONALITY, ONE PERPLEXIN

PROO.KEM RE'IAINS: DATA CAN BE UNIDIMENSi4L FOR ONE SAMPLE AND

NOT FOR ANOTHER. CURRENTLY, NO STATISTIUAL TECHNIQUE CAN

SOLVE THIS PROBLEM. BOTH THE RAS:H AN) THREE-PARAMETER MODELS

ARE INVESTIGATED HERE WITH &ESPECT TO HOw WELL THEY FIT DATA

OF VARYING OINENSIOtNALITY BASED ON A FAITOR ANALYTIC

IRITERION.

SAIPLE SIZE AND TEST LENGTH

ONE MAJOR SOURCE OF DISAGREEMENT BETWEEN LATENT TRAIT

TH-OISTS 3ONCERNS THE MINiMUM PERSON AN) ITEI SAMPLE SIZES

NEEDED TO OBTAIN CONSISTENT LATENT TRAIT PARAMETER ESTIMATES.

THE LOGIST COMPUTER PROGRAM MANUAL (dO0, WINGERSKY, AND LORD,

1976) SUGGESTS MINIMUMS OF 40 ITEMS AND LO00 PERSONS. WRIGHT

(t377) CONTENDS THAT SMALL SAMPLE5 (OG PERSJNS) ARE

SUIFICIENT FOR EFFECTIVE ESTIMATION. THIS STUDY EXPLORES FIT

OF SMALL SAMPLE DATA (20 1TEMS, 250 PERSUNS) TO THE RASCH AN)

THREE-PARAmETER MODELS. A CONSIDERA3LY IORE EXTENSIVF STUDY

OF THIS PROBLEM HAS BEEN PREPARED BY SWAKiNATIAN AN6 GIFFORK

(1379).

GOODNESS-OF-FIT

MANY DEFINITIONS FOR GOODNESS-OF-FIr APPEAk IN THE LATENT

TRAIT LITERATURE (HAMBLETON, 1979). NOT ONLY DO DEFINITIONS

OF FIT VARY FROM AUTHOR TO AUTHOR, BUT METHODS FOR TESTING FIT

OF MDELS TO DATA VARY FROM MODEL TO MOOEL. MANY OF THE

STATISTICAL 4EASURES EMPOYED FOR TESTING GOODESS-OF-FiT ARE

CONSIDERED UNSOUND (BIRNBAUM, 1968). THE CHI SQUARE TEST IS

OFTEN UTILIZED FOR GOODNESS-OF-FIr, THOUGH, GIVEN A SUFFICIENT

SAIP.E SIZE, MOST DATA WILL BE REJECTED 3Y THIS MEASURF.

NEVERTHELESS, THIS AUTHOR HAS CHOSEN TO EMPLOY CHI SQUARE TEST



STATISTICS 14 THIS STUDY. SINCE THE STU)Y IS COI1PARATr&VE IN

NArUE, ONLY RELATIVE FIT NEED BE ASSESSED. IN ADDITION, A

METHOD WAS NEEDED THAT WOULD 3E APPROPRIATE TO BOTH MODELS

UNDEI STUDY. THE CHI SQJARE STATISTIC MEETS THESE CRITERIA.

METHODOLO3Y

DESCRIPTION AND PROCESSING OF TEST DATA

FIVE DATA SETS WERE SELECTED FOR THIS STUDY:

I.CALIFORNIA TEST O= BASIC SKILLS - VOCABULARY SUSTEST,

GRADE 10"

2.CALIFORNIIA TEST OF BASIC -ILLS - MATH COMPREHENSION

SUBTEST, GRADE 10:

3.SCHOLASTIC APTITUDE TEST -VERBAL, GRADE 12l

4.STANFORD ACHIEVEMENT TEST - VOCkBJLARY SUBTEST, GRADE 5:

5.STANFORD ACHIEVEMENT TEST - SCI-NCE SUBTEST, GRADE 5.

TESTS WERE SELECTED TO COVER A RANGE OF BOTH CONTENT AND

3RADE- LEVELS. TWO LIMITATIONS WERE PLACED ON CATA SELECTIO4.

FIRST, A 4INItUH SAMPLE SIZE OF 1000 WAS KEQUIRED (AT A SINGLE

:,RAD- LEVEL). SECONDLY, THE MINIIUM NUM3ER OF ITEMS IN A TEST

OR SUBTEST WAS FORTY. EACH OF THE TESTS SELECTED FOR STUDY

WAS FOUND TO BE RELATIVELY UNIOIMENSIONAL. IN PILOT ANALYSES,

IT WAS FOUND THAT PARAMETER ESTIMATION FOR DATA 4HICH IS NOT

UNIDIMENSIONAL OFTEN DOES NOT REACH :ONVERGENCE WITHIN A

R-ASJNABLE TIME LIMIT (400 COMIPUTER SEONGS). ANALYSIS OF

DATA SETS THAT DO NOT HAVE A OmINgNT INGLF PACTOR IS PLANNED

IN TIE NEAR FUTURE.

A FLOW CHART DEPICTING THE DESIGN OF THIS STUDY IS

PRESENTED IN FIGURE 1. -'R EACH DATA SET, THE FOLLCWING STFDS



WERE EXECUTED. EACH TESr OR SU3TEST WAS SCORED BY A FORTRAN

PROGRAM. THE TETRACHORI, CORRELATION MATRIX 4A3 OBTAiNED AN)

FA;T3R ANALYZED USING I PRINCIPA COMPONENTS SOLUTION.

RESULTS O;" THE FACTOR ANALYSI3 ARE USED TO CHARACTERIZE DATA

IN TERMS OF JIMENSIONALITY. FOLLOWING TIE FACTOR ANALYSIS,

RANDOM SAMPLE OF i000 CASES WAS DRAWN FROM THE TOTAL SAMPLE.

TITS SAMPLE WAS RETAINED FOR FURTHER ANALYSIS. CLASSICAL iT-EM

ANALYSIS 4AS PERFORMEC TO CHARACTERIZE TESTS IN TERMS OF

STANDARD TESTING METHODOLOGY AND TO COMPARE CLASSICAL WITH

LATE4T TRAIT PARAMETER ESTIMATES. FOR EACH TEST fHE AVERAGE,

RANGE, AND CONFIDENCE BANG FOR ITEM-TOTAL CORRELATIONS WERE

CALCJLATED TO EXAMINE THE ASSUM ,TION OF EQUAL ITEM

DISCRIMINATION. IN AFOITION, CLASSICAL ITEM OIFFICULTIES FCR

TIE LOWFST OECILE OF EXAMINEES WERE CO'PJTE5 AS AN INCICATOR

OF GJESSING ON DIFFICULT ITEMS.

--- INSERT FIGURE I AROUND HERE-----

IN THE 4EXT PHASE OF THE STUDY, ITEM AND ABILITY

PARAIETERS WERE ESTIMATED UNDER THE ONE AND THREE-PARAMETER

MO)ELS FOR EIGHT SAMPLINS CONDITIONS. T4D SAMPLE SIZES, 250

AND 1000 'ERSONS, AND TWO TEST LENGTHS, 20 ANJ "TOTAL" ITEMS,

WERE USED. SAMPLES OF ITEMS dERE SELECTED BY RANDOM METrODS.

RANDOM SELE-TION OF PERSONS UTILIZEE A SPACE) SAIDLINr

TE3HqIQUE AFTER VERIFYING THAT THE ORIGINAL SAMPLE OF

EXAMINEES ,&S NIT ORDERED . PARAMETER ESTIMATION WAS

A:;O'IPLISHED THROUGH THE LOGIST COMPUTER PROGRAM (WCOC,,

WINGERSKY, AND LORD, 1975).

SINCE THE INPUT PARAMETER SET F3O EACH LOGIST EXECUTION

VARIED GREATLY (OVER 50 PARAMETERS CAN BE SPEIFIEG), AN

INTERACTIVE TIME-SHARING FORTkAN PROGRAM, LOGPREP, WAS

D:SI5NED TO CREATE INPUT FILES. FOR MOST THiEE-PARAMETER

MO)E . RUNS THE DEFAULT OPTIONS OF LOGIST WERE USED. THE

ONE-PARAMETER MODEL IS E-;TIMATED BY FIXING GUESSING AT ZERO

AN) ITEM DISCRIMINATION AT ONE. OUTPUTS FROM LOSIST ALONG



WITH THE RAW DATA WERE INPUT INTO A FORTRAN PROGRAM, THETITM,

TO O3TAIN RAW AND EXPECTED RAW SCORES UTILIZING THE

APPROPRIATE ONE OR THREE-PARAMETER ITEM HARACTERISTIC

FUNCTIONS. TrE RAW SCORE IS DEFINED ASI

(2.1)

WHER- U =I IF THE ITEM IS ANSWERE) CORkE;TLY AND U =0,

OTHEZWISE. THE EXPECTED RAW SCORE BASED ON LATENT TRAIT

THEORY IS:

(2.21

WHERE P ( ) IS THE PROBABILITY OF A CORRECT RESPONSE ON ITEM G

3Y PERSONS 61TH ABILITY LEVEL THETA, . TO COMPARE OBSERVED

AND EXPECTED RAW SCORES (UNDER EACH MODE,) IT WAS NECESSARY TO

ROJNJ EXPECTED RAW SCORES TO THE ;LOSEST INTE ER. FINALLY,

EX2E;TEO AND OBSERVED RAW SCORES AND GROJPED RAW SCORE

FREQUENCIES WERE OBTAINED USING SPSS. AN INTERACTIVE FORTRAN

PROGRAM, >HISQ, WAS USED TO PERFORM CHI SQUARE TESTS FOR EACH

MOJEL-SAMPLE-TEST LENGTH COMBINATION.THE CHI SQUARE IS DEFINED

AS:

(2.3)

0 STANDS FOR THE OBSERVE) FREQUENCY AND E INDICATES EXPECTED

FREQJENCY.

TO ASSESS THE INFLUENCE OF SAMPLE SIZE ON ESTINATING

ITEM PARAMETERS, AN ADDITIONAL LOIST ;UN WAS EXECUTED UNDER

THE ASSUMPTIONS OF EACH IOCEL. TIESE RUNS US-L ABILITY

ESTIIATES (THETA) FROM TAE 1000-PERSON SkMPLE AND RECOMPUTED

ITEM PAkA'IETERS ON A SHALL SAMPLE OF 250 PERSONS. ANALYSIS OF

ITEM PARAM~r--RS WAS THEN ACCOMPLISHED USING THE ADAPT

INTERACTIVE STATIST.CAL PACKAGE (A TIME-SHARING, APL-3ASED

STATISTICAL ANALYSIS PACKAGE). ANALYSIS INCLUDED PEARSON AND



SPEARMAN ZO;RELATIONS BETWEEN SMALL AND LARGE SAMPLE

PAMAMETERS UDER Tmi IWO MOCELS, AND IN ADDITION, THE AVERAGE

ABSOLUTE DIFFERENCE BETWEEN SMALL AND LARGE SAMPLE PARAMETERS

U43ER THE TWO MODELS WAS O8TAIED. A SIIILAR PRJCEGUkE WAS

UTILIZED TO ANALYZE ABILITY EnTIMATES FPOM SHORT AND LONG

TESTS. IN THIS CASE, ITEM PARAMETERS FOR 20 ITEmS (FROM THE

OVERALL "TOTAL" TEST LENGTH ANALYSIS) WERE USED. AND ABILITY

ESTI4ATES 4ERE RECOMPUTED FOR THE SHORT TEST UNDER THE ONE A'4

THREE-PARAIETER MODEL ASSUMPTIONS. THE RESULTING PARAMETER

ESTIIATES WERE ANALYZED, AS ABOVE, WITH THE ADAPT STATISTICAL

SYSTEM.

FOR EACH LOGIST COMTUTER ESTIMATION ,OS" WAS TALLIED.

THE TWO IODELS ARE EXPLORED IN TERMS OF THEIR CO4PUTER COSTS.

COST3 ARE PKESENTED FOR EACH TEST AND FOR VA&iOUS ITEM AND

PERSON SAMPLE SIZES.

BECAUSE A NUMBER OF THE RESU.TS OF T-IS STUDY CONFLICTE)

WITH THE PREDICTIONS DERIVED FROM THE THEORY JF LATENT TRAITS,

ADOITIONAL ANALYSES WERE MADE TO CHECK THE RESULTS. FOUR

ADDITIONAL LOGIST ESTIMATIONS WERE EXECUTED ON THE SCHOLASTI;

APTITUDE VERBAL SUBTEST. IN EACH CASE A TWENTY (20) ITEM

SUBSET OF JATA WAS USED. ONE SUBSET WAS DESIGNED SUCH THAT

THE ITEM DISCRIMINATION PARAMETERS WERE EQUAL ( A .03 RANGE

AR U'D THE ME4N POINT-BISERIAL). A SECOND SU3TEST iAS

DESINED SO THAT THERE RESULTED JNECJ4L ITEM DISCRIMINATIONS

(OJTSIDE OF A .1 RANGE ABOUT THE 4EAN POINT- 3ISERIAL).

ANALYSES 4ERE THEN PERFORMED ON THESE DATA TO COPARE THE ONE

A43 THREE-PARAMETER MODELS.

RESULTS

FIT OF THE ONE AND THREE-PARAMETER LO5ISTIC MODELS



FOR EACH OF THE FIVE DATA SETS, THE EXPECTED RAW SCORE

DISTRIBUTI)N FIT THE OBSERVED RAW SCORE )ISTRIeUTION 9ETTER

F)R THE ONE- ARAMETER MODEL THAN FOR THE THREE-PARAMETFR

40)EL. CHI SQUARE STATISTICS, AVERAGED ACROSS FIVE TESTS, ARE

PRESENTED IN TABLE 2. CHI SQUARE STATISTICS FOR EACH

IN)IVICAUL TEST ARE PRESENTED IN TABLE 3. THE CHI SQUARE

STATISTICS FOR SMALLER SAMPLE SIZES ARE _ESS IN MAGNITUDE, AS

ONE WOULD EXDECT, ALTHOUGH THERE WERE SO.E CONFLICTING RESULTS

IN THE DATA. FOR THE ONE-PARAMETER MODE,., THE SHORT TESTS

YIEL)EO BETTER FITS. THE OPPOSITE RESULT HOLDS FOR THE

THREE-PARAMETER MODEL. THE DIFFERENCE IN MAGNITUDES FOR THE

CHI SQUARES IN TABLE 3 MIGHT BE ATTRIBUTED TO THE WAY IN WHICH

Tic- SCORES kERE GROUPED, ESPECIALLY FOR THE LONG TEST WHICH

CONTAINED A VARYING TOTAL NUMBER OF ITEMS. SCORES WERE

USJALLY GROUPED INTO SIX CATEGORIES, BJT IN SOME INSTANCES TIE

LOWEST RAW SCORE GROUP HAG FREQUENCIES TOO LOW FOR COMPUTING

THE ;HI SQUARE STATISTIC. IN THIS CASE, THE LOWEST TWO SCORE

GRJU-'S WERE COMBINED. ON 20-ITEM TESTS, THE FIRST CATEGORY

INCLJDED SCORES I THROUGH 4, WHEREAS ALL OTHER CATEGORIES

ZONTAINED 3 SCORES. ON LONGER TESTS, FIVE OR MORE RAd SCORES

VOIP)SEO EACH GROUPING, WITH THE EXCEPTION OF-THE LOWEST AND

HISHEST SCOFE GROUPS. THESE CONTAINED FROM SIX TO TWELVE RAN

SCORES. ON ANY GIVEN TEST THE GROUPINGS WERE CONSTANT.

- ----------- INSERT TABLES 2 AND 3 AROUND HERE ------

THE VERY HIGH CHI SQUARE STATISTICS CAN ALMOST ALWAYS BE

ATTRIBUTED TO LACK OF FIT IN THE _OWEST SCOkE GROUPING. THIS

EFE:T WAS ESPECIALLY NOTICEABLE FOR THE THREE-PARAMETEFR MOD-L

DATA. EVEN WITH THIS SCORE CATEGORY OMITTEG, BETTER FIT WAS

FOUN) FOR THE ONE-PARAMETER MODEL. AN EXCEPTION TO THIS TREND

WAS ;OUND FOR THE SCIENCE SU3TEST OF THE STANZORD ACHIEVEMENT

TEST, HERE, THE FIT TO BOTH MODELS WAS EQUAL. IT SHOULD ALSO

BE NOTED THAT THE CRITERION FOR FIT IN TAIS STUDY, THE RAW



S:3RE, IS A SUFFICIENT STATISTIC FOR THE RASCH MOOEL, AUT NOT

FOR THE THREE-PARAMETER MODEL. THE RESULTS NEED TO BE

CO4SIDERED IN VIEW OF THIS FACT.

ITEM DIS:RIMINATION, GUESSING, AND UNI4IMENSIONALITY

IT IS IlPOSSIBLE TO OBTAIN A RAW SCORE OF ZERO WITH THE

THREE- PARAMETER MODEL I ANY GUESSING OCCURS. ALTHOUGH

L33IST WAS FAIRLY ACCURATE IN ESTIMATING ,UESSING FOR ITEMS

FALLING AT THE EXTREMES (NO GUESSING OR MUCH GUESSING),

GEnERALLY THE GUESSING PARAMETERS HERE U4ESTIMABLE. THE

ESTIMATION PROCEDURE SETS THE GUESSING PARAMETER TO THE

QUANTITY (i/"NCH"-.05) AT THE OUTSET OF ESTIMATION, WHERE NCI

IS TIE NUMBER OF MULTIPLE CHOICE ALTERNATIVES. IF ESTIMATIO,

OF OTHER PARAMETERS IS STABLE, GUESSING IS ALLOWED TO VARY.

TNIS WAS NOT USUALLY THE CASE FOR THIS DATA. THE FOLLOWING

ARE APPROXIMATE LOWER BOUNDS FOR EXPECT-) RAW SCORES UNDER

THE rHREE-PARAMETER MODEL FOR EA04 OF THE FIVE TESTS:

SCHOLASTIC APTITUDE VERBAL = 12.75

CALIFORNIA MATH COMPkEHENSION =7.2

CALIFORNIA VOCABULARY = 8.0

STANFORD VOCABULARY = 10.0

STANFORD SCIENCE = t2.0

(TIESE L04ER BOUNDS ARE COMPUTED JSING TIE NUMBER OF ITEMS

AND IUMBER OF CHOICES). ALTHOUGH SOME OF THE POOR FIT FOR TIE

TIREE-PARAIETER MODEL CAN BE ATTRIBUTED TO THE LOWEST SCORE

GROU , THE RESULTS WERE STILL RATIER SURPRISING. TWO

POSSIBLE E(PLANATIONS EXIST. ONE POSTULATE IS THAT THE DATA

,,ISEN FOR STUDY ARE ALL ONE-PARA4ETER DATA * A SECOND

EX2LANATION IS THAT THERE MAY BE SOME DIFFICULTY IN ESTIMATING

PARA'METERS FOR THE THREE-PARAMETER MODEL BECAUSE OF THF

ADDITIONAL NUMBER OF UNKNOWN QUANTITIES THAT NEED TO 'iE

ESTI'ATED, THE RESULTS ARE MOST LIKELY A COMBINATION OF THESE

TWO -XPLANATIONS.



BOTH GUESSING AND ITEM OISCRIMINATION WERE FURTHER

INVESTIGATED TO DETERMINE WHETHER THEY HAD BEEN PROPERLY

ESTIMATED. TABLE 4 PkESENTS SOME RESULTS CONZERNING THE

GUESSING PARAMETER. THE EXTENT OF GUESSING ON EACH TEST WAS

DETEZ4INE) BY CALCULATINS CLASSICAL ITEM CIFFICULTIES FOR THE

Z5 % MOST DIFFICULT ITEMS FOR THE LOWEST DECILE OF EXAMINEES

BASE) ON TAE SAMPLE (RAW SCORE CRITERION). UN THIS CRITERION,

EACH TEST WAS RATEG FCR rHE PERCENT OF GJESSING BEHAVIOR

DISPLAYED ON HARD ITEMS BY LOW ABILITY EKAMINEES, LATENT

TRAIT GUESSING ESTIMATES WERE COMPARED T) THESE VALUES. THE

LAST COLUMN OF TABLE 5 INDICATES HOW OFTEN LATENT TRAIT AND

CLASSICAL PARAMETERS WERE IN CONCORANCE, WHICH WAS DEFINED

AS TAE NUMBER OF TIMES THAT HIGH LATENT TRAIT GUESSING

ESTIMATES MATCHED HIGH GJESSING ESTIMATES USING CLASSICAL TE3T

TIEORY INJIZATORS. WITH THE EXCEPTION OF THE CALIFORNIA

VOCABULARY SUBTEST ( WHICH WAS THE SHORTEST AND 4OST DIFFICULT

TEST), LOGISr WAS QUITE ACCURATE IN PINPOINTING ITEMS AT

EITHER EXTREME (MINIMAL OR MAXIMUM GUESSING). GENERALLY

THOU5H, THE GUESSING PARAMETER WAS OVERESTIMATED. ALTHOUGH

THIS OVERESTIMATION CLEARLY EFFECTED THE LOWEST SCORE GROUP,

IN GENERAL, THE EFFECTS OF THIS OVERESTIMATION WERE NOT FOUN3

ACOSS THE ABILITY OISTRIBUTION. THUS, THE LESS ADEQJATE FIT

OF TiE DATA TO THE THREE-PARAMETER MODEL CAN NOT 3E ATTRI3UTED

SOLELY TO OVERESTIMATION GF THE GUESSING PARAMETER.

------------ INSERT TABLE 4 AROUNO

HERE------------------

TABLES 5 AND 6 PRESENT RESULTS CONCERNING THE ITEM

DISCRIMINATION PARAMETER* THESE RESULTS ARE BASED ON 20-ITEM

TESTS CONSTRUCTED TO HAVE VERY DIFFERENT OR VERY SIMILAR ITEM

DISCrIMINATIONS (BY CLASSICAL ITE4 INOICA7OPS). IN TABLE 5

CHI SQUARE STATISTICS ARE COMPUTE3 F3mr SIX SCORE GROUPS. IN

TAIS TABLE WE FINO THAT WHEN THE ITEM ISCRIMINATION



PARAIETERS ARE VERY DIFFERENT, THE THREE-PAkAMETER MODEL PITS

THE JATA BETTER THAN THE ONE-PAKA,1ETER MODEL. FOR THE CASE )F

EQJA, ITE4 DISCRIMINATION, THE ONE-PARAM-TER MODEL SHOWS

BETTER FIT. REGARDLESS OF THE WAY IN WHICH SCORES WERE

GROU'ED, THE SAME CHI SQUARE TREND WAS FOUND. FROM THESE

RESULTS, IT SEEMS PLAUSIBLE TO CONCLUDE THAT 4LL OF THE DATA

SETS USED IN THIS STUDY HAVE EQUAL ITEM DISCRIMINATIONS. THE

AVERASE CLASSICAL ITEM-TOTAL CORRELATION (POI:4T-3lISERIAL) IS

GIVEN FOR EACH CATA SET IN TABLE 6. THE SECJND CbGLUMN OF THE

TA3LE SHOdS THE PERCENT OF ITEMS THAT FALL WITHIN THE

CONFIDENCE BAND OF THE MEAN POINT-BiSERAIL PLJS OR MINUS .1.

GENERALLY, THE I;AJORITY OF CLASSICAL POINT-BISERAILS ARE QUITE

ULDSE IN MASNITUDE. IT IS SUGGESTED THAT WHEN THE ITEM

DISCRIMINATIONS ARE TRULY EQUIVALENT, THE THREE-PARAMETER

ESTIMATION PROCEDURE MAY PRODUCE INCONSISTENT ESTIMATES F00

ITEM DISCRIMINATION. RESEARCH CONCURRENT WITH T-IS

(SWAIINATHAN AND GIFFORD, 1979) HIS INDICATED THAT ITEM

DISCRIMINATION TENDS TO BE OVERESTIMATEJ BY THE MAXIMUM

LI<ELIHOOD PROCEDURE.

--- -INSERT TABLES 5 AND 6 AROUND HERE-------------

IT WAS IMPOSSIBLE TO DETERMINE THE INTERRELATICNSHIP

BETWEEN GJESSING, ITEM CISCRIMINATION, AND MODEL FIT %GP

SPECIFIC DATA SETS IN THIS STUDY. THE TWO SUBTESTS ON WHICH

EXAMINEES SH3WED THE MOST GUESSIN4, ALSO HAD THE NARROWEST

RANGE OF ITEI DISCRIMINATIONS. 04E OF THESE, THE STANFORD

VDCA3ULARY, SHOktED CLOSE FIT TO TIE RASCH MODEL, AND GOOD FIT

TO THE THREE-PARAMETER M)CEL AS WELL. THE OTHER, STANFORD

SCIENCE, WAS THE SINGLE TEST THAT FIT THE THREE-PARAMETER

MODE. AS WELL AS THE RAS:H MODEL.

AN EXPLANATION OF MODEL FIT IN TERMS OF UNIDIMENSIONAL:TY

IN TIIS STUDY IS CONFOUNDED BY THE FACT THAT TESTS OIFFERED IN

BOTH LENGTH AND DIFFICULTY. IT CAN BE SAID, HOWEVER, THAT THE



STANFORO VOCAdULARY SUBTE-T FIT BJTH MODELS 3ETTER THAN THE

OT4ER TESTS, ALTHOUGH THIS TEST WAS NOT THE MOST

UNIDIMENSIONAL. TAeLE 6 CHARACTERIZES DIMEt4SIONALITY OF TESTS

IN TERMS OF THE FIRST LATENT ROOT FFOM TIE PRINCIPAL COMPONENT

ANALYSIS, AND SHOWS THE VARIANCE ACCOUNT=_ FOR BY THE FIRST

FA:T3R. BY TIESE CRITERIA, THE TEST WHI;H BEST MEETS THE

ASSUMPTION 07 UNIDIMENSIONALITY IS THE 3ALIFORNIA MATH TEST.

THIS TEST IS ALSO THE EASIEST TEST IN TERMS OF AVERAGE

CLASSICAL ITEM CIFFICULTIES. THE RESULTS SHO THAT THIS TEST

FIT 30TH MODELS QUITE WELL. THE THI SOAURE STATISTIC FOR

RASCH MO3EL PIT WAS 1.02, THE SE 2NC BEST F.IT FOUND IN THE

STUDY.

SAMPLE SIZE

TABLE 7 PROVIDES DATA ON THE ACZURA'Y OF PARAMETER

ESTIIATION F)R SMALL SAM>LES (N=250). THE RESULTS ARE

AVERAGED ACROSS THE FIVE TESTS. PEARSON PRODUCT MOMENT

DRRELATIONS, SPEARMAN RANK ORDER CORRELATIONS, AND AVERAGE

ABSO..UTE DIFFERENCES BETWEEN PARAMETERS ESTIMATED WITH THE

1000 PERSON AND 250 PERSON SAMPLES ARE GIVEN. ALL ESTIMATES

WERE FIRST STANDARDIZED TO MEAN ZERO TO OBTAIN THESE RESULTS.

ESTIMATES FOR DIFFICULTY ARE QUITE ACCURATE IN THE SMALL

SAIPLE FOR BOTH MODELS. THE SMALL SAMPLE ESTIMATE FOR

GUESSING, ALTHOUGH CLOSE IN MAGNITUDE TO THE LARGE SAMPLE

ESTIMATE, HAD A LOW CORRELATION WITH THE LARGER SAMPLE

-STIIATE. IT IS APPARENT FROM THIS DATA THAT 250 PERSONS MAY

NOT 3E A SUFFICIENT SAMPLE SIZE UPON WHI;H TO ESTIMATE

GUESSING. I FACT, EVEN IN THE 1000-PERSON SAMPLE, THE

MAJORITY OF ;UESSING PARAMETERS FOR THIS DATA F EMAINED

UNESTIMATED BY THE MAXIMUM LIKELIHOOD METHOD. ESTIVATION OF

ITEM DISCRIMINATION IN THE 250 PERSON SAIFLE IS RELATIVELY

ZONSISTENT WITH 1000 PERSON ESTIMATE. BJT, 3Y THE AVERAGE

ABSOLUTE DEVIATION CRITERION, THIS SMALL SAMPLE ESTIMATE



FAIRED LESS ,ELL THAN EITHER GUESSING OR DIFFICULTY. IT

APOEARS THAI WHEN OISCRIMINATION IS POORLY ESTIMATED, ALL

OrHER ESTIMATES ARE EFFECTED. THEREFORE, THE DIFFICULTY

PARA4ETERS IN THE THREE-PARAMETER CASE DO NOT APPEAR TO 3E

ESTIIATED AS EFFECTIVELY WITH SMALL SAMPLES AS I THE

ON_->ARAMETER CASE.

-------- INSERT TABLE 7 AROUND HERE--------------------

TEST LENGTH

TEST LENGTH WAS EXAMINED TO JETERMINE WHETHER LATENT

TRAIT THEORY CAN BE APPLIED TO SHORT TESTS (23 ITEMS). TA3L-

8 PRESENTS THE RESULTS O THIS ANALYSIS IN TERMS OF PEARSON

AND SPEARMAN CORRELATIONS, AND AVERAGE A3SOLUTE )IFFE.ENCES

BETWEEN SHORT AND LONG TESTS, AVERAGED A3ROSS FIVE DATA SETS.

FOR 30TH MODELS, ESTIMATES OF ABILITY PROM THE SHORT TEST WERE

REASONABLY CONSISTENT WITH ESTIMATE$ DERIVED FROM THE LON5ER

TESTS. HERE, AS BEFORE, MORE CONSISTENCY WiS FOUND FOR THE

ONE-PARANETER MODEL.

------ INSERT TABLE 3 AROUND IERE------

COSTS

IN ADDITION TO FINDING IMPROVEMENT IN FIT FOR THE

ONE-PARAMETER MODEL BY STATISTICAL CRITERIA, THE DATA IN TAB. E

9 )EIONSTRATz THAT THE COSTS OF ESTIMATING RASCH PARAMETER

VALUES ARE CONSIDERABLY LESS THAN THOSE FOR TIE

THREE-PARAMETER MODEL. THE COSTS SHOWN IN TABLE 9 ARE

AV-RA:;ED ACROSS FIVE TESTS. THIS TABLE ALSO SHOWS THE

RELATIONSHIP BETWEEN COtMPUTER COSTS FOR LATENT TRAIT ESTIMATES

AN) THE NUMBER OF PERSONS AND ITEMS ESTIMI.TED. THESE COSTS

ARE 3ASE) ON A CHARGE OF 1 400 PER HOUR. THEY DO NOT REFLECT



AUXILIARY COSTS (DISC STORAGE, MAGNETIC TAPES, DATA

PREPARATION, ETC.). ALL OF THE FIGURES IN TA3LE 9 ARE BASED

ON EXECUTIONS OF LOGIST IN WHICH PERSON AND ITEMS ARE

ESTIIATED SIMJLTANEOUSLY. TABLES 10 AND i1 SHED DIFFERENT

LIHT ON THE :OSTS OF THE ONE AND THREE-PARAMETER MODELS.

TABLE 10 INDICATES COMPUTER COSTS AVERAGED OVER FIVE 20-ITEM

TESTS WHEN ITEM PARAMETERS ARE KNOWN. TIERE IS ESSENTIALLY NO

DIFFERENCE BETWEEN THE COSTS OF E3TIMATING ABILITY FOR THE ONE

AN) THREE-PARAMETER MODELS. SINCE THIS IS THE USUAL MANNER IN

WIIC4 LATENT TRAIT THEORY IS APPLIED, THIS EQJIVALENCE OF

:OST3 SHOJLD BE NOTED BY PRACTITIONERS PLANNING TO USE THESE

MODELS. TABLE 10 GIVES COMPUTER :OSTS FOR LOGIST RUNS

AVERAGED A:ROSS FIVE TESTS FOR ESTIMATIN3 ITEM PARAMETERS ON

SAMPLES OF 250 PERSONS WHEN ABILITY IS KNOWN • THE COSTS

GIVEN FOR THIS STUDY CAN ONLY BE GENERALIZED TO THE LOGIST

CO4PJTER PROGRAM AND DO 4OT APPLY TO COMPARISONS WITH OTHER

ESTIMATION ROUTINES. IF THE ONE-DARAMETER ESTIMATION HAD

BEzN EXECUTED ON THE BICAL COMPUTER PROGRAM (WRIGHT AND MEAD,

1976 ), THE COMPUTER COSTS FOR THE ONE-PAFAMFTEr' HuCEL WOULD

HAVE BEEN CONSIDERABLY LESS. IN THE BICAL PROCEDURE ONE

EOJAr!ION IS NEEDED FOR EACH RAW S;ORE CATEGORY, WHEREAS IN TIE

MAXIMUM LIKELIHOOD METHOD, SEPARATE EQUATIONS ARE NEEDED FOR

EACH EXAMINEE.

TABLE 14 HIGHLIGHTS COSTS FOR EACH SUBTEST * THERE IS A

RELATIONSHIP BETWEEN THE NUMBER OF ITEMS IN A TEST AND ITS

COST, BUT THE HIGHER COSTS FOR SOE SUBTESTS CAN ALSO BE

ATTRTBUTEO TO A LOWER DEGREE OF UAIDIMENSIONALITY.

-- ----- INSERT TABLES 9,10,11 AND 12 AROUND HERE.-------

SUMMARY AND CONCLUSIONS

THE RESULTS OF THIS STUDY INDICATE THAT FOR DATA HAVING



ITEMS EQUAL IN DISCRIMINATION, THE RASCH MODEL PRjVI ES BETTER

FIT TO EMPIRICAL DATA THAN THE THREE-PARAMETER LOGISTIC MODEL

* A PRACTICAL METHCO FOR DETERMINING ECJALITY OF ITEM

0ISCRIMINATI)N, USING CLASSICAL P)INT-BiSERIALS, WAS

SUSG_TED. IT WAS ALSO NOTED THAT THE MAXIMUM LIKELIHOOD

ESTIMATE OP THE DISCRIMINATION PARANETER MAY 3E INADEQUATE AT

THIS TIME. AS IMPROVEMENTS ARE MADE IN fHE THREE-PARAMETER

ESTIIATION M-rHOOS, A MORE SENSITIVE ESTIMATE OF THIS

PARA4ETER MAY BE FOUND.

ALTHOJGH THE DATA USED IN THIS STUDY KERE MULTIPLE CHOI CE

IN NATURE, VIOLATION OF THE "NO GJESSINS" ASSJMPTION OF THE

RASCI MODEL DID NOT APPEAR TO EFFECT FIT OF THE ONE-PARAMETER

MODE- TO DATA. THE MAXIMUM LIKELIHOOD PROCEDURE TENDED TO

OVERESTIIATE GUESSING FOR THIS DATA. THIS CAUSED REDUCED

MODEL-DATA FIT OF THE THREE-PARAMETER MODEL ESPECIALLY IN THE

LOER ABILITY RANGE. GENERALLY, ;UESSINS WAS UNESTIMAeLE FOR

THIS DATA. UNFORTUUNATELY, NO ALTERNATIVE CRITERIA COULD BE

FOUND FOR ESTIMATING THE TRUE AMOJNT OF 3UESSING. BECAUSE

;UESSING AND DISCRIMINATION WERE 'ONFOUNJED IN THE DATA, IT

WAS IMPOSSIBLE TO DETERMINE WHETHER THE GUESSING PARAMETER

4ISHT HAVE IMPROVED FIT IN THE THREE-PARAMETER CASE.

EMOIRICAL DATA, SUCH AS OPEN-ENDED TEST QUESTIONS, IN WHICH

GUESSING IS IMPROBABLE, IS NEEDED TO COMaARE FIT OF THE ONE

AN) THREE-PARAMETER MODEL.S. RESEARCH INTO THIS AREA MIGHT

BEST BE CONDUCTED THRCUGI STUDIES USING SIMULATED CATA. WIT4

ARTIFICIAL DATA, FACTORS, SUCH AS THOSE CONFOUNDING THE

CURRENT RESEARCH, COULD BE CONTRO.LED. BETTER ESTIMATES ARE

NEEDED FOR BOTH ITEM DISCRIMIN4ATION AND ,UESSING IF THE

THREE-PARAMETER MODEL IS TO BE USED EFFETIVELY.

USING A FACTOR ANALYTIC CRITERION, THE DATA USED IN THIS

STJOY WERE ALL FOUNiL TO HAVE UNE GENERAL FACTOR WHICH, IN AL.

CASES, ACCOUNTED FOR MORE THAN 20 PERC--Nr OF THE TEST

VARIANCE. TIE DATA INDIATE THAT THE MORE A DATA SET MEETS

THIS ASSUMPTION, THE LESS TIME IT TAKES TO CONVERGE TO A



SOLUTION BY THE LOGIST PROGRAMI. THERE ALSO APPEARED TO BE

S34E IMPROVEMENT OF FIT lu LOTH MODELS FOR DATA THAT SHOWED

EXTREMELY STRONG FIFST FACTOR VARIANTE. MORE RESEARCH IN THIS

AREA IS NEEDED WITH OATA SETS THAT CLEARLY VIOLATE THE

ASSUMPTION GF UNIOMENSIONALITY. IN ADDITION, CRITERIA,

OTIER THAN FATOR ANALYSIS, ARE NEEDED F3k DETERMINING THE

EXTENT OF DIMENSIONALITY IN DATA.

ALTHOUGH THE ABILITY ESTIMATES FROM SHORT TESTS WERE

REAS3NABLY GOOD, ITEM ESTIMATES FROM SMALL SAMPLES OF PERSONS

TENDED NOT TO BE SO GOOD. THIS RESULT WAS ESPECIALLY APPARENT

IN ESTIMATING ITEM DISCRIMINATION FROM SMALL SAMPLES.

WHEN THE LOGIST PROGRAM IS USED WITH KNON ITEM

PARAIETERS, THE COST OF ESTIMATION IN THE ONE AND

THREE-PARAMETER CASES IS EQUIVALENT. IN ESTIMATING ITEM

PARAIETERS SIMULTANEOUSLY WITH ABILITY, THE SAVINGS FOUND BY

USIN, THE ONE-PARAMETER MODEL A.E CONSIGEkABLE. IT IS

DIFFICULT TO TOMMENT ON THIS COST DIFFERENTIAL UNTIL IT IS

DETERMINED WHETHER THERE ARE OTHER SUBSTANTIAL GAINS TO BE

FOJND WITH THE THREE-PARAMETER MOEL.

IN SJMMARY, USING COSTS AND zIT TO TEST SCORE

DISTRIBUTIONS AS CRITERIA, THE RASCH MODEL WAS CLEARLY

SUPERIOR IN FIT TO EMPIRICAL DATA THAN THE THREE-PARAMETER

LOISTIC MODEL. IT IS IMPORTANT TO POINT OUT THAT OTHER

CRITERIA FOR FIT MIGHT HAVE BEEN SELECTE3 WHI;H WOULD HAVE

SHOWN BETTER FIT FOR THE THREE-PARAMETEk MODEL. FOk EXAMPLE,

IF A WEIGHTED RAW SCORE "AD BEEN JTILIZE3, RATHER THAN THE

SIMPLE RAW SCORE, INPROVEMENT OF FIT FOk THE THREE-PARAMETEF

MODEL MIGHT HAVE BEEN SEEN. THE RESULTS ALSO SHOW THAT IN THE

CASE WHEN ITEM DISCRIMINA11ONS ARE OUITE DISSIMILAR, THE

THRE--PARAIETER MODEL DEMONSTRATEO SUPERIOR FIT TO THE RASCH

MO3EL. RESEARCH IS NEEO-O TO DETERMINE HOW UNEQUAL ITEM

DISCRIMINATION NEED TO BE FOR THE THREE-PARAMETER MODEL TO

BECOME MORE EFFECTIVE. HERE AGAIN A SIMJLATED-DATA STUDY ,



SI4IlAR TO THE ONE PROJE;TED A8OVE FOR gUESSING, IS NEEDED IN

CONJJNCTION ITH REFININS THE ESTIMATION PRO3EDURES.

FINALLY, IT IS IMPORTANT TO POINT OJI THAT THE

CONCLUSIONS DRAWN IN THIS PAPER ARE TENTATIVE. THE PROJEZT IS

IN MIDSTREAM: ONLY HALF DF THE PRDJECTEO DATA SETS HAVE BEEN

ANALYZED TO DATE.
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